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DESCRIPTION 

RADIO COMMUNICATIONS APPARATUS , METHOD FOR CONTROLLING 
TRANSMISSION POWER OF RADIO COMMUNICATIONS APPARATUS AND 

recording medium to which the method being recorded 

FTETjD of thk tnvkntton 

The present invention relates to a radio communications 
apparatus used for a mobile communications system, etc. including 
a portable telephone set, etc. which performs mobile 
communications, a method for the radio communications apparatus 
to control transmission power between a mobile station and a base 
station, etc. in the mobile communications system, and a 
computer- readable recording medium which stores the transmission 
power control method. 
BACKGROUND OF THE TNVKNTTON 

In a mobile communications system of the Code Division 
Multiple Access (CDMA) using the spread spectrum technology, a 
single frequency bandwidth is shared by a plurality of users . Thus 
a so-called problem of strong-field channel/weak-field channel 
may easily arise that a high-power signal masks a low-power signal, 
resulting in degradation of the line quality of a local station 
caused by a signal from another station appearing as an 
interference wave. In such a mobile communications system, a 
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transmission power control technology has been studied for 
reducing interference between communications channels to upgrade 
the frequency use efficiency, by controlling the transmission 
power of a local station depending on the distance between a base 
5 station and a mobile station in transmitting information and by 
holding constant the power of a signal arriving at the base station. 

As a transmission power control system, in particular, 
there is known a transmission power control system via a closed 
loop to respond to an interference signal which instantaneously 

10 varies. Japanese patent publication H08-032513 discloses an 
example wherein transmission power control is made according to 
the control amount corresponding to a preset number of successive 
reception times when the same transmission power control bit is 
successively received in order to respond to a sudden variation 

15 in the reception power on a communication channel . The CDMA system 
requires, in particular, a wide-dynamic-range (for example 70 to 
80dB) , high-linearity transmission power control. The wide-band 
CDMA (W-CDMA) system requires a high accuracy of transmission power 
in high-power operation, thus a higher-accuracy transmission 

20 power control is requied. 

Fig. 4 is a flowchart of an example of a conventional 
transmission power control system via a closed loop. In case a 
base station and a mobile station communicate with each other, 
the base station determines a transmission power control bit based 
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on the reception power of a received wave or desired wave from 
the mobile station (Sll), inserts the transmission power control 
bit in a transmission signal, and transmits this signal to the 
mobile station. The mobile station receives the signal from the 
5 base station, extracts the transmission power control bit from 
the received signal (S15) and controls the transmission power of 
the mobile station according to the instruction in the transmission 
power control bit (S16). 

Similarly, the mobile station determines a transmission 

10 power control bit based on the reception power of a received wave 
or desired wave from the base station <S14), inserts the 
transmission power control bit in a transmission signal, and 
transmits this signal to the base station. The base station 
receives the signal from the mobile station, extracts the 

15 transmission power control bit from the received signal (S12) and 
controls the transmission power of the base station according to 
the instruction in the transmission power control bit (S13). 

By performing such transmission power control, reception 
power at the base station and the mobile station can be held 

20 substantially constant, irrespective of the location of the mobile 
station. 

In order to perform high-accuracy transmission power 
control by way of the aforementioned conventional transmission 
power control method, the transmission power control range 



corresponding to the value of the transmission power control bit 
(one unit) must be made small. There is, however, a problem that 
a smaller transmission power control range cannot respond to a 
sudden variation in reception power, resulting in lower accuracy 
5 of transmission power control. 
DISCLOSURE OF THE INVENTION 

The invention solves such problems in the conventional 
technology. The invention aims at providing radio 

communications apparatus wherein accuracy of transmission power 
10 control can be upgraded by changing the transmission power control 
range depending on the communication state and thus low-power, 
compact-size apparatus can be provided, a transmission power 
controlling method for the radio communications apparatus, and 
a computer-readable recording medium which stores the 
15 transmission power control method. 

To attain the aforementioned purpose, as mentioned in the 
first aspect of the invention, a radio communications apparatus 
according to the invention is a radio communications apparatus 
having a transmission power control feature for controlling the 
20 transmission power of a local station by using the transmission 
power control bit transmitted from a distant station to the local 
station, wherein the apparatus comprises: communication state 
detecting means for detecting the communication state based on 
the reception power of a received signal transmitted from the 
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distant station; and transmission power control range changing 
means for changing the transmission power control range 
corresponding to the transmission power control bit based on the 
detected communication state. 
5 Preferably, as mentioned in the second through sixth aspect 

of the invention r the communication state detecting means has at 
least one of the following: reception power change detecting means 
for detecting a change in reception power in a local station; 
distant station transmission power change detecting means for 

10 detecting a change in transmission power in a distant station; 
control state detecting means for detecting the control state of 
the local station; local station transmission power change 
detecting means for detecting a change in transmission power in 
the local station; and transmission power control bit change 

15 detecting means for detecting a change in the transmission power 
control bit. 

Preferably , as mentioned in the seventh through ninth aspect 
of the invention, the reception power change detecting means has 
at least one of the following: reception power comparing means 
20 for comparing a previous reception power with a current reception 
power; fading pitch detecting means for detecting the fading pitch 
of reception power; and reception power threshold comparing means 
for comparing the reception power with a predetermined threshold. 
As mentioned in the tenth aspect of the invention, a 



6 



transmission power control method according to the invention is 
a method for controlling transmission power of a local station 
by using a transmission power control bit transmitted from a 
distant station to the local station, wherein the method has: a 
5 communication state detecting step for detecting the 
communication state based on the reception power of a received 
signal from the distant station; and transmission power control 
range changing step for changing the transmission power control 
range corresponding to the transmission power control bit based 

10 on the detected communication state. 

preferably , as mentioned in the eleventh aspect of the 
invention r the communication state detecting step has a reception 
power change detecting step for detecting a change in reception 
power in a local station , and the transmission power control range 

15 changing step changes the transmission power control range 
depending on the detected change in the reception power. 

Alternatively , as mentioned in the twelfth aspect of the 
invention, the communication state detecting step has a distant 
station transmission power change detecting step for detecting 

2 0 a change in transmission power in a distant station and a reception 
power change detecting step for detecting a change in reception 
power in a local station, and the transmission power control range 
changing step changes the transmission power control range 
depending on the detected change in transmission power in the 



distant station and the detected change in reception power in the 
local station. 

Alternatively , as mentioned in the thirteenth aspect of the 
invention , the communication state detecting step has a control 
state detecting step for detecting the control state of a local 
station , and the transmission power control range changing step 
changes the transmission power control range depending on the 
detected control state. 

Alternatively, as mentioned in the fourteenth aspect of the 
invention , the communication state detecting step has a local 
station transmission power change detecting step for detecting 
a change in transmission power in a local station and a 
transmission power control bit change detecting step for 
detecting a change in the transmission power control bit, and the 
transmission power control range changing step changes the 
transmission power control range depending on the detected change 
in transmission power in the local station and the detected change 
in the transmission power control bit. 

Preferably, as mentioned in the fifteenth aspect of the 
invention, the reception power change detecting step has a 
reception power comparing step for comparing a previous reception 
power with a current reception power, and a change in reception 
power is detected based on the comparison results of the reception 
power comparing step* 
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Alternatively , as mentioned in the sixteenth aspect of the 
invention , the reception power change detecting step has a fading 
pitch detecting step for detecting the fading pitch of reception 
power, and a change in reception power is detected based on the 
5 detected fading pitch. 

Alternatively , as mentioned in the seventeenth aspect of the 
invention, the reception power change detecting step has a 
reception power comparing step for comparing a previous reception 
power with a current reception power and a fading pitch detecting 
10 step for detecting the fading pitch of reception power, and a 
change in reception power is detected based on the comparison 
results of the reception power comparing step and the detected 
fading pitch. 

Alternatively, as mentioned in the eighteenth aspect of the 
15 invention, the reception power change detecting step has a 
reception power threshold comparing step for comparing the 
reception power with a predetermined threshold, and a change in 
reception power is detected based on the comparison results of 
the reception power threshold comparing step 
2 0 As mentioned in the nineteenth aspect of the invention, a 

computer-readable recording medium according to the invention is 
stored as a program for executing the transmission power control 
method for the radio communications apparatus according to the 
tenth, eleventh, twelfth, thirteenth, fourteenth, fifteenth, 



sixteenth, seventeenth or eighteenth aspect of the invention. 

According to the invention, when transmission power of a 
local station is controlled by using the transmission power 
control bit transmitted from a distant station to the local 
station, the communication state is detected based on the 
reception power of a signal transmitted from the distant station 
and the transmission power control range corresponding to the 
transmission power control bit is changed based on the detected 
communication state. The transmission power control range is 
controlled based on at least one of a change in reception power 
in the local station, a change in transmission power in a distant 
station, the control state of the local station, a change in 
transmission power in the local station, and a change in the 
transmission power control bit. 

When a change in reception power is detected, the change in 
reception power is detected based on at least one of the comparison 
results of stored previous (previously controlled) reception 
power and current (currently controlled) reception power, a 
fading pitch of reception power, and the comparison results of 
rece ption power and a predetermined threshold. When a change in 
transmission power in a local station or a distant station is 
detected, the change in transmission power in a local station or 
a distant station is detected based on the comparison results of 
stored previous transmission power and current transmission power. 
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When a change in the transmission power control bit is detected,, 
the change in the transmission power control bit is detected based 
on the comparison results of a stored previous transmission power 
control bit and the current transmission power control bit. 
5 The invention thus allows response to a sudden change in 

reception power T control of response to predetermined power in 
a short period and suppression of interference waves T reducing 
errors in transmission power control in any communication state. 
This upgrades accuracy of transmission power control. The 
10 upgrading of accuracy of transmission power control can minimize 
the required transmission power and realizes low-power f 
compact-size apparatus. 

RT3TFF DESCRIPTION OF THE DRAWINGS 

Fig- 1 is a block diagram showing a configuration of the main 
15 section of radio communications apparatus according to one 
embodiment of the invention. 

Fig. 2 is a flow chart showing the procedure for the 
transmission power control method according to one embodiment of 
the invention . 

2 0 Fig. 3 is a flow chart showing the procedure for the 

transmission power control method according to one embodiment of 
the invention . 

Fig. 4 is a flow chart showing an example of the procedure 
for the transmission power control method via a conventional 
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closed loop . 

P "REFERRED EMBODIMENTS OF THE INVENTION 

Embodiments according to the invention will be detailed with 
reference to the drawings . 
5 Fig . 1 is a block diagram of the main section of radio 

communications apparatus according to one embodiment of the 
invention. Figs. 2 and 3 are flowcharts showing the transmission 
power control method according to one embodiment of the invention. 
Radio communications apparatus according to this embodiment 

10 is provided , for example, in a mobile communications device 
composing a base station or a mobile station of a cellular 
communications system, and amplifies the power of a signal 
containing transmission information to transmit the resulting 
signal to a distant party. A transmission power control method 

15 described herein is preferable in a case where high-accuracy 
transmission power control is required while high linearity is 
being maintained, such as, in particular, a base station and a 
mobile terminal such as a mobile telephone set in a CDMA mobile 
communication system. This embodiment is not limited to a mobile 

2 0 communications device but applicable to other radio 
communications apparatus which requires similar transmission 
power control as required. 

This example shows only a configuration associated with 
transmission power control of radio communications apparatus. 
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Any configuration associated with other processing such as 
circuits and input keys associated with diffusion , inverse 
diffusion, encoding, decoding, speech transmitting, speech 
receiving, and control is not shown. 
5 Radio communications apparatus has an antenna 11 for 

transmitting/receiving radio signals and a multiplexer 12 for 
isolating a transmission signal from a received signal - The radio 
communications apparatus has, as a receiving system: a radio 
receiver 13 comprising a high-frequency amplifier circuit, a 

10 local oscillator circuit, and an IF signal amplifier circuit, etc. 
for high-frequency amplifying the received signal and outputting 
an intermediate frequency (IF) signal converted to an IF band 
(intermediate frequency band); a demodulator 14 for converting 
a received signal to a baseband signal; and a baseband signal 

15 processor 17 for processing and decoding a received baseband 
signal . 

The radio communications apparatus has, as a transmission 
system: the baseband signal processor 17 for processing and 
encoding a baseband signal to be transmitted; a modulator 15 for 
20 modulating a transmission signal to an IF signal; and a radio 
transmitter 27 for amplifying power of a transmission signal and 
frequency-converting the transmission signal to an RF band (radio 
frequency band) . The radio transmitter 2 7 is equipped with a 
variable power amplifier 27a. The radio transmitter 27 is also 



equipped with a frequency converter circuit for conversion to an 
RF band and a transmitter amplifier for output power amplification 
and so on, which are not shown. 

The radio communications apparatus has , as a transmission 
power control system, the baseband signal processor 17 and the 
variable power amplifier 27a. The radio communications 
apparatus has: a variable power amplifier controller 16 for 
performing amplifier gain control of the variable power amplifier 
27a to execute transmission power control; and a transmission 
power control bit controller 18 as transmission power control 
range change means for changing the transmission power control 
ran qe of a transmission power control bit, based on each of the 
output results from a transmitting station transmission power 
change detector 19 mentioned later through a receiving station 
transmission power change detector 23. 

The radio communications apparatus has, as a component 
corresponding to communication state detecting means for 
generating an input signal to the transmission power control bit 
controller 18; a transmitting station transmission power change 
detector 19 as local station transmission power change detecting 
means for detecting a change in a transmitting station or a local 
station, based on an output signal from the baseband signal 
processor 17; a control state detector 20 as control state 
detecting means for detecting the control state of a local 
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station; a reception power change detector 21 as reception power 
change detecting means for detecting a change in reception power 
in a local station; a transmission power control bit change 
detector 22 as transmission power control bit change detecting 
5 means for detecting a change in the transmission power control 
bit; and a receiving station transmission power change detector 

23 as distant station transmission power change means for 
detecting a change in transmission power in a receiving station 
or a distant station. 

10 Moreover, the radio communications apparatus has, as a 

component for generating an input signal to the reception power 
change detector 21: a reception power comparing/updating section 

24 as reception power comparing means for comparing reception 
power in a local station with a stored previous power value and 

15 updating the stored power value; a fading patch detector 25 as 
fading pitch detecting means for detecting the level variation 
cycle of a received signal which accompanies fading in the local 
station; and a reception power threshold comparator 2 6 as 
reception power threshold comparing means for comparing reception 

20 power in a local station with a predetermined threshold. 

In this embodiment, the transmission power control range 
corresponding to the value of the transmission power control bit 
(one unit) for power control to be appended to a transmitted signal 
is changed. This is to upgrade the transmission power control 



accuracy by performing transmission power control based on the 
transmission power control range to reflect the communication 
state on the transmitting side and the receiving side which 
depends on such factors as a change in communications . 

In case apparatus shown in Fig. 1 is a mobile station, the 
baseband signal processor 17 determines a transmission power 
control bit based on the reception power of a received wave 
(desired wave) from a base station, and inserts the transmission 
power control bit in a transmission signal. The end signal is 
modulated and frequency-converted to an IF band by the modulator 
15, frequency-converted to an RF band by a radio transmitter 27, 
then transmitted to the base station from the antenna 11 via the 
multiplexer 12. 

A signal transmitted from the base station is received by 
the antenna 11 . The received signal is input to the radio receiver 
13 via the multiplexer 12. The received signal is frequency- 
converted to an IF band by the radio receiver 13, converted to 
a baseband signal by the demodulator 14, and input to the baseband 
signal processor 17 for necessary processing. Signals 
representing the transmission power control bit and reception 
power level, etc. are then generated. 

The transmitting station transmission power change detector 
19 detects a change in transmission power in a mobile station or 
a local station (transmitting station) based on an output signal 



from the baseband signal processor 17 . The control state detector 
2 0 detects the control state of the local station based on an output 
signal from the baseband signal processor 17- The transmission 
power control bit change detector 22 detects a change in the 
transmission power control bit based on an output signal from the 
baseband signal processor 17. The receiving station 
transmission power change detector 23 detects a change in 
transmission power in a base station or a distant station 
(receiving station) based on an output signal from the baseband 
signal processor 17. 

Moreover, the reception power comparing/updating section 24 
obtains a change in reception power in a mobile station by 
comparing reception power with stored previous power value and 
updates the stored power value based on an output signal from the 
baseband signal processor 17 . The fading pitch detector 25 
detects the level variation cycle of a received signal which 
accompanies fading in a mobile station based on an output signal 
from the baseband signal processor 17. The reception power 
threshold comparator 2 6 obtains a change in reception power 
relative to a predetermined threshold in a mobile station by 
comparing reception power with the predetermined threshold based 
on an output signal from the baseband signal processor 17. The 
reception power change detector 21 detects a change in reception 
power from each of the output results of the reception power 
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comparing/updating section 24 r fading pitch detector 25 , and 
reception power threshold comparator 26. 

Although the fading pitch detector 25 is generally provided 
in a mobile communications device such as a cellular portable 
5 telephone set, it can be of any configuration provided the level 
variation cycle of a received signal which accompanies fading can 
be detected. Detection of the fading can be used to determine 
the traveling speed of a mobile station for proper control of 
reception a signal from the base station of an adjacent cell in 

10 the case of a handover. 

The transmission power control bit controller 18 changes the 
transmission power control range of the transmission power 
control bit, based on each of the output results from the 
transmitting station transmission power change detector 19 

15 through the receiving station transmission power change detector 
23 and inputs the resulting signal to the power amplifier 
controller 16 via the baseband signal processor 17. The variable 
power amplifier controller 16 controls transmission power to be 
output from the antenna 11 by performing amplifier gain control 

2 0 of the variable power amplifier 27a based on the transmission 
power control bit and the changed transmission power control 
range. 

Next, the procedure for the transmission power control 
method according to the invention will be detailed based on Fig. 
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2 and Fig. 3. 

In this embodiment , the communication state of each of the 
receiving station and the transmitting station is detected based 
on the information (1) through (5) below. The transmission power 
control range corresponding to the transmission power control bit 
is changed according to the communication state. 

( 1 ) Change in reception power in the receiving station 

(2) Change in transmission power in the transmitting station 

(3) Control state in the reception station 

(4) Change in transmission power in the receiving station 

(5) Change in the transmission power control bit 

( 1 ) Change in reception power in the receiving station is 
obtained based on detection results of (a) through (c) below. 

(a) Change of the current reception power relative to the 
reception power under the previous control 

(b) Fading pitch 

(c) Difference of the current reception power relative to the 
predetermined threshold 

At least one of the elements (1) through (5) can be 
arbitrarily combined with at least one of the elements (a) through 
(c) and used in the procedure for changing the transmission power 
control range of the transmission power control bit. 

Referring to Fig. 2 and Fig. 3, in case a base station and 
a mobile station communicate with each other, the base station 
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determines a transmission power control bit based on the reception 
power of a received wave or desired wave from the mobile station 
(S101), changes the transmission power control range 
corresponding to the transmission power control bit (S112), 
5 inserts the transmission power control bit in a transmission 
signal , and transmits this signal to the mobile station. The 
mobile station receives the signal from the base station, extracts 
the transmission power control bit from the received signal (S206) 
and controls the transmission power of the mobile station 
10 according to the instruction in the transmission power control 
bit (S213 ) . 

Next, the mobile station compares reception power stored by 
the mobile station with the current reception power (S205) . The 
mobile station changes the reception power stored by the mobile 

15 station to the current value (S207 ) , detects a change in reception 
power based on the comparison results (S210), and changes the 
transmission power control range corresponding to the 
transmission power control bit (S212). 

In the processing of step S210, the ratio of change in 

2 0 reception power in the mobile station is detected from the 
magnitude of the absolute value of comparison results . Thus , the 
greater the ratio of change in reception power, the more accurate 
response to a sudden change in reception power is realized by 
extending the transmission power control range of the 



transmission power control bit in the processing of step S212, 
unlike a conventional method using a fixed transmission power 
control range. This upgrades the transmission power control 
accuracy . 

Next, the mobile station detects the fading pitch of 
reception power (S2 04) and detects a change in reception power 
based on the detection results of the fading pitch (S210). The 
mobile station then changes the transmission power control range 
corresponding to the transmission power control bit depending on 
the detected change in reception power (S212). 

In the processing of step S210, the speed of change in 
reception power in the mobile station is detected from the fading 
pitch. Thus, same as the foregoing case, the greater the speed 
of change in reception power, the more accurate response to a 
sudden change in reception power is realized by extending the 
transmission power control range of the transmission power 
control bit in the processing of step S212, compared with a 
conventional method using a fixed transmission power control 
range. This upgrades the transmission power control accuracy. 

In the processing of step S210, the speed of change and the 
ratio of change in reception power in the mobile station are 
detected from the fading pitch detected in step S204 and the 
magnitude of the absolute value of reception power comparison 
results detected in step S205. Thus the traveling status of a 
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local station can be assumed from the speed of change and the ratio 
of change in reception power detected. For example, in case the 
speed of change is reception power is low and the ratio of change 
in reception power is large, it can be assumed that the local 
5 station is traveling at a low speed in an area where the local 
station is in the shadow of buildings , etc . in terms of radio waves . 

Here, in case reception power decreases, the mobile station 
is assumed to be traveling into an area where incoming radio waves 
are weakened by buildings. By reducing the transmission power 

10 control range corresponding to the transmission power control bit 
in the processing of step S212, a sudden increase in transmission 
power of the base station can be suppressed. As a result, 
interference by a wave transmitted from the base station to 
another mobile station can be suppressed, unlike the conventional 

15 method using a fixed transmission power control range. This 
upgrades the transmission power control accuracy. Meanwhile, in 
case reception power increases, the mobile station is assumed to 
be traveling out of an area where incoming radio waves are weakened 
by buildings. By extending the transmission power control range 

2 0 corresponding to the transmission power control bit in the 
processing of step S212, a sudden decrease in the transmission 
power of the base station can be realized- As a result, same as 
the foregoing case, interference by a wave transmitted from the 
base station to another mobile station can be suppressed, unlike 
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the conventional method using a fixed transmission power control 
range. This upgrades the transmission power control accuracy. 

Next, the mobile station compares reception power with a 
predetermined threshold (S203). The mobile station detects a 
5 change in reception power based on the comparison results (S210) 
and changes the transmission power control range corresponding 
to the transmission power control bit (S212). 

In the processing of step S210 , the mobile station can assume 
its location based on the comparison results of reception power 

10 detected in step S203 and the ratio of the desired wave received 
signal power to the interference wave power (SIR: Signal-to- 
Interference Power Ratio) . For example, in case reception power 
is smaller than the predetermined threshold and SIR is small, the 
mobile station is assumed to be in a weak electric field (area 

15 with weak receiving field intensity) such as an area shadowed by 
buildings. On the other hand, in case reception power is greater 
than the predetermined threshold SIR is small, the mobile station 
is assumed to be in a strong electric field (area with strong 
receiving field intensity and an interference). 

20 Thus, in case the local station is in a weak electric field, 

a sudden increase in transmission power of the base station can 
be suppressed by reducing the transmission power control range 
of the transmission power control bit in the processing of step 
S212 and initiating the handover of an ongoing call to another 
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base station. As a result, interference by a wave transmitted 
from the base station to another mobile station can be suppressed, 
unlike the conventional method using a fixed transmission power 
control range. This upgrades the transmission power control 
5 accuracy. In case the local station is affected by a strong field 
interference, a sudden increase in transmission power of the base 
station can be suppressed by reducing the transmission power 
control range of the transmission power control bit in the 
processing of step S212. As a result, same as the foregoing case, 

10 interference by a wave transmitted from the base station to 
another mobile station can be suppressed, unlike the conventional 
method using a fixed transmission power control range. This 
upgrades the transmission power control accuracy. 

Next, the mobile station detects the local control state 

15 (S202) and changes the transmission power control range 
corresponding to the transmission power control bit based on the 
detection results (S212). In the processing of step S202, the 
mobile station can detect the control state of the local station 
transmission power. Thus, in starting the transmission power 

2 0 control, response to predetermined power in a short period is 
realized by extending the transmission power control range 
corresponding to the transmission power control bit in the 
processing of step S212, unlike a conventional method using a 
fixed transmission power control range. This upgrades the 



transmission power control accuracy. 

Next, the mobile station compares distant station 
transmission power under the previous control stored by the mobile 
station with distant station transmission power under the current 
control (S214) . The mobile station updates the value of distant 
station transmission power under the previous control to the 
current value (S215) , and detects a change in transmission power 
of the base station based on the comparison results (S216) . The 
mobile station changes the transmission power control range of 
the transmission power control bit based on the detected change 
in the transmission power of the base station and the change in 
reception power detected in step S210 (S212). 

In the processing of step S212 , the mobile station can assume 
its traveling status based on the change in the transmission power 
of the base station and the change in the local station reception 
power. For example, in case transmission power of the base 
station increases and local station reception power decreases, 
the mobile station is assumed to be traveling into a weak electric 
field such as an area shadowed by buildings. On the other hand, 
in case transmission power of the base station decreases and the 
local station reception power increases , the mobile station is 
assumed to be traveling into a strong electric field such as an 
area out of a shadow of buildings. 

Thus, in case the local station is traveling into a weak 



electric field, a sudden increase in transmission power of the 
base station can be suppressed by reducing the transmission power 
control range corresponding to the transmission power control bit 
in the processing of step S212 and initiating the handover of an 
ongoing call to another base station. As a result, interference 
by a wave transmitted from the base station to another mobile 
station can be suppressed, unlike the conventional method using 
a fixed transmission power control range. This upgrades the 
transmission power control accuracy. In case the local station 
is traveling into a . strong field, a sudden decrease in 
transmission power of the base station can be realized by 
extending the transmission power control range corresponding to 
the transmission power control bit in the processing of step S212 . 

As a result, same as the foregoing case, interference by a wave 
transmitted from the base station to another mobile station can 
be suppressed, unlike the conventional method using a fixed 
transmission power control range. This upgrades the 

transmission power control accuracy . 

Next, the mobile station updates the distant station 
transmission power to the distant station under the current 
control based on the transmission power control bit determined 
in step S201 (S217 ) . The mobile station updates the local station 
transmission power based on the transmission power control bit 

extracted in step S206 (S218) . Next, the mobile station compares 
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local station transmission power under the previous control 
stored by the mobile station with local station transmission power 
under the current control (S219) , updates the stored local station 
transmission power under the previous control to the current value 
5 (S220), and detects a change in transmission power of the local 
station based on the comparison results (S221). 

Next, the mobile station compares transmission power control 
bit stored by the mobile station with the current transmission 
power control bit (S208), updates the stored transmission power 

10 control bit (S209) , and detects a change in the transmission power 
control bit based on the comparison results (S211). 

Next, the mobile station changes the transmission power 
control range corresponding to the transmission power control bit 
based on the change in transmission power of the local station 

15 detected in step S221 and the change in the transmission power 
control bit detected in step S211 (S212). 

In the processing of step S212 , the mobile station can assume 
its location based on the change in the transmission power of the 
mobile station and the change in the transmission power control 

20 bit. For example, in case transmission power of the mobile 
station increases and the transmission power control bit 
increases, the mobile station is assumed to be in a weak electric 
field such as an area shadowed by buildings. On the other hand, 
in case transmission power of the mobile station decreases and 
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the transmission power control bit decreases, the mobile station 
is assumed to be in a strong electric field. 

Thus f in case the local station is in a weak electric field, 
a sudden increase in transmission power of the base station can 
be suppressed by reducing the transmission power control range 
corresponding the transmission power control bit in the 
processing of step S212 and initiating the handover of an ongoing 
call to another base station. As a result, interference by a wave 
transmitted from the base station to another mobile station can 
be suppressed, unlike, the conventional method using a fixed 
transmission power control range. This upgrades the 

transmission power control accuracy. In case the local station 
is traveling into a strong field, a sudden decrease in 
transmission power of the base station can be realized by 
extending the transmission power control range of the 
transmission power control bit in the processing of step S212. 
As a result, interference by a wave transmitted from the base 
station to another mobile station can be suppressed, unlike the 
conventional method using a fixed transmission power control 
range. This upgrades the transmission power control accuracy. 

By changing the transmission power control range via the 
aforementioned processing, response to a sudden change in 
reception power, response to a desired power in a short period 
and suppression of interference waves are made possible and errors 
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in transmission power control can be reduced in any communication 
state- This upgrades accuracy of transmission power control. 

Next, the mobile station determines the transmission power 
control bit based on the reception power of a received wave or 
desired wave from the base station (S201), inserts the 
transmission power control bit instructing the transmission power 
control range changed in step S212 in a transmission signal , and 
transmits this signal to the base station- The base station 
receives the signal from the mobile station, extracts the 
transmission power control bit from the received signal (S10 6) 
and controls the transmission power of the base station according 
to the instruction in the transmission power control bit (S113) . 

Processing of step S102 through S121 is the same as the 
aforementioned step S202 through S221 for a mobile station. 

The processing allows , same as the aforementioned mobile station, 
response to a sudden change in reception power, response to a 
desired power in a short period and suppression of interference 
waves are made possible and errors in transmission power control 
can be reduced in any communication state- This upgrades accuracy 
of transmission power control. 

As mentioned earlier, this embodiment allows easy response 
to a sudden change in reception power, etc. while high-accuracy 
transmission power control is being made, by changing the 
transmission power control range corresponding to the 



transmission power control bit depending on the communication 
state, thus ensuring a high-accuracy transmission power control 
in any communication state. This upgrades the overall accuracy 
of transmission power control- The upgrading of accuracy of 
transmission power control in a base station and a mobile station 
can minimize the required transmission power and realizes 
low-power , compact-size apparatus. 

TNDUSTRTAT, APPLICABILITY 

As mentioned above , according to the invention, when 
transmission power of a. local station is controlled by using the 
transmission power control bit transmitted from a distant station 
to the local station, the communication state is detected based 
on the reception power of a signal transmitted from the distant 
station. By changing the transmission power control range 
corresponding to the transmission power control bit based on the 
detected communication state, to be more precise, at least one 
of a change in reception power in the local station, a change in 
transmission power in a distant station, the control state of the 
local station, a change in transmission power in the local station, 
and a change in the transmission power control bit, the accuracy 
of transmission power control can be upgraded. This also can 
realizes low-power, compact-size apparatus. 
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CLAIMS 

1. Radio communications apparatus having a transmission 
power control feature for controlling the transmission power of 
a local station by using the transmission power control bit 
transmitted from a distant station to the local station, 
comprising: 

communication state detector which detects the 
communication state based on the reception power of a received 
signal transmitted from the distant station; and 

transmission power control range changer which changes the 
transmission power control range corresponding to the 
transmission power control bit based on the detected 
communication state . 

2 . The radio communications apparatus according to claim 
1 , wherein said communication state detector has a reception power 
change detector which detects a change in reception power in a 
local station. 

3 • The radio communications apparatus according to claim 
1 , wherein said communication state detector has a distant station 
transmission power change detector which detects a change in 
transmission power in a distant station. 

4. The radio communications apparatus according to claim 
1 , wherein said communication state detector has a control state 
detector which detects the control state of the local station. 



5 . The radio communications apparatus according to claim 
1 , wherein said communication state detector has a local station 
transmission power change detector which detects a change in 
transmission power in the local station. 

6. The radio communications apparatus according to claim 

1, wherein said communication state detector has a transmission 
power control bit change detector which detects a change in said 
transmission power control bit. 

7 . The radio communications apparatus according to claim 

2, wherein said reception power change detector has a reception 
power comparator which compares a previous reception power with 
a current reception power. 

8 . The radio communications apparatus according to claim 
2 r wherein said reception power change detector has a fading pitch 
detector which detects the fading pitch of reception power 

9 . The radio communications apparatus according to claim 
2, wherein said reception power change detector has a reception 
power threshold comparator which compares the reception power 
with a predetermined threshold. 

10. A transmission power control method for radio 
communications apparatus for controlling transmission power of 
a local station by using a transmission power control bit 
transmitted from a distant station to the local station, 
comprising: 
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a communication state detecting step which detects the 
communication state based on the reception power of a received 
signal transmitted from the distant station; and 

transmission power control range changing step which changes 
5 the transmission power control range corresponding to the 
transmission power control bit based on the detected 
communication state . 

11. The transmission power control method for radio 
communications apparatus according to claim 10 r 

10 wherein said communication state detecting step has a 

reception power change detecting step which detects a change in 
reception power in a local station, 

wherein said transmission power control range changing step 
changes the transmission power control range depending on the 

15 detected change in reception power. 

12. The transmission power control method for radio 
communications apparatus according to claim 10, 

wherein said communication state detecting step has a 
distant station transmission power change detecting step which 
2 0 detects a change in transmission power in a distant station and 
a reception power change detecting step which detects a change 
in reception power in a local station, 

wherein said transmission power control range changing step 
changes the transmission power control range depending on the 
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detected change in transmission power in the distant station and 
the detected change in reception power in the local station. 

13. The transmission power control method for radio 
communications apparatus according to claim 10, 

5 wherein said communication state detecting step has a 

control state detecting step which detects the control state of 
a local station, 

wherein said transmission power control range changing step 
changes the transmission power control range depending on the 
10 detected control state. 

14. A transmission power control method for radio 
communications apparatus according to claim 10, 

wherein said communication state detecting step has a local 
station transmission power change detecting step which detects 
15 a change in transmission power in a local station and a 
transmission power control bit change detecting step which 
detects a change in the transmission power control bit, 

wherein said transmission power control range changing step 
changes the transmission power control range depending on the 
20 detected change in transmission power in the local station and 
the detected change in the transmission power control bit. 

15. The transmission power control method for radio 
communications apparatus according to claim 11 or 12, 

wherein said reception power change detecting step has a 



reception power comparing step which compares a previous 
reception power with a current reception power, 

wherein a change in reception power is detected based on the 
comparison results of the reception power comparing step. 

16. The transmission power control method for radio 
communications apparatus according to claim 11 or 12, 

wherein said reception power change detecting step has a 
fading pitch detecting step which detects the fading pitch of 
reception power, 

wherein a change in reception power is detected based on the 
detected fading pitch. 

17. The transmission power control method for radio 
communications apparatus according to claim 11 or 12, 

wherein said reception power change detecting step has a 
reception power comparing step which compares a previous 
reception power with a current reception power and a fading pitch 
detecting step for detecting the fading pitch of reception power, 

wherein a change in reception power is detected based on the 
comparison results of the reception power comparing step and the 
detected fading pitch. 

18. A transmission power control method for radio 
communications apparatus according to claim 11 or 12, 

wherein said reception power change detecting step has a 
reception power threshold comparing step for compares the 
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reception power with a predetermined threshold, 

wherein a change in reception power is detected based on the 
comparison results of the reception power threshold comparing 
step 

5 19. a computer-readable recording medium stored as a 

program for executing the transmission power control method for 
the radio communications apparatus according to any one of claims 
10 through 18. 
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ABSTRACT 

In controlling transmission power of a local station by using 
a transmission power control bit transmitted from a distant 
station (receiving station) to the local station (transmitting 
station) , a communication state is detected by using at least one 
of a transmitting station transmission power change detector ( 19 ) 
, a control state detector (20) , reception power change detector 
(21) , a transmission power control bit change detector (22) , and 
a receiving station transmission power change detector (23), 
based on an output from a baseband signal processor (17). The 
transmission power control range corresponding to the 
transmission power control bit is changed based on the detection 
results of the detectors by a transmission power control bit 
controller (18)- A variable power amplifier controller (16) 
controls a variable amplifier (27a) based on the transmission 
power control bit and the transmission power control range and 
variably controls the transmission power via an antenna 
(11) . 
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Joseph J. Cor so 



34226 

-3 4732 
35878 



O Additional registered practrtioner(s) named on a supplemental sheet attached hereto. 



Direct all correspondence to: 



Name 



Address 



Address 



Pearne, 



120Q^T.PadP r 



City 



Cleveland 



State 



Ohio 



1 441 1 4 



Country U, S 



Telephone 1(216) 579-17QQ 



Fax 



(216^ 579-6073 



1 hereby dectare that all statements made herein of my own knowledge are true and that ail statements made on information and belief are befieved to 
be true; and further that these statements were made with the knowledge that wilful false statements and the tike so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. .. . 

Name of Sole or First Inventor: | [H A petition has been filed for this unsigned inventor 



Given 
Name 



Yasufumi_ 



Middle 




Family 


Initial 




Name 



ICHIKAWA, 



Suffix 
e.g. Jr. 



Inventor's 
Signature 



Kan a g awa^V^ 



Date 



December 
20, 2000 



Residence: City 



Country 



Japan 



Citizenship 



JP 



Post Office Address 



1-62 , Futamatagawa, Asahi-ku, Yokohama- shi , 
Kanaqawa 241-0821 Japan 



Post Office Address 



City 



Kanagawa 



Zip 



Country 



Japan 



Q Additional inventors are being named on supplemental sheet(s) attached hereto 
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Pleasa type a plus sign (+) inside this box 



PTO/SB/01 (8-96) 
Approved for use through 9/30/98. OMB 0651-0032 
Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Art of 1995, no persons are required to respond to a collection of information unless it contains a vaid OMB control number. 



□ 



DECLARATION 



PRIORITY DATA 
(Supplemental Sheet) 



rnOr roreign Hppiicauon 
Number(s) 


Country 


Foreign Filing Date 
(MM/DD/YYYY) 


r nor uy 
Not Claimed 


Certified Copy Attached? 
YES NO 








□ 


□ 


a 










□ 


□ 








□ 


□ 


□ 








□ 


a 


□ 








□ 


□ 










□ 


□ 


□ 








□ 




a 








□ 


□ 


□ 








□ 


□ 


a 








□ 


□ 


□ 








□ 


□ 


□ 








□ 


□ 


□ 








□ 


□ 


□ 








□ 


□ 


a 








□ 


□ 


□ 



Additional foreign applications: 



Additional provisional applications: 



Application Number 



Filing Date (MM/DD/YYYY) 



Additional U.S. applications: 



U.S. Parent Application 
Number 


PCT Parent 
Number 


Parent Filing Date 
(MM/DD/YYYY) 


Parent Patent Number 
(if applicable) 
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Un der the Paperwork Reduction Act of 1995, no persons are required to respond to a coltedton of information unless it contains a valid OMB control number. 



Please type a plus sfgn (+) Inside this box — > | | 



DECLARATION 



REGISTERED PRACTITIONER 
INFORMATION 
(Supplemental Sheet) 



Name 



Registration 
Number 



Name 



Registration 
Number 



Paul R. Katterle 
Richard H. Mescher 



36563 
38242 
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(January 1997) 



